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METHOD FOR OPTICAL CONTROL OF 
MICROWAVE PHASE 

This Application claims the bene?t of US. Provisional 
Application No. 60/910,230, ?led on Apr. 5, 2007, the 
entirety of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?eld of photonic appli 

cations. In particular, the present invention relates to a method 
and system for controlling the phase of electromagnetic sig 
nals. 

2. Description of the Related Technology 
A variety of photonic applications use photodetectors in 

analog systems, such as basic optical microWave links, 
phased arrays and photonic analog-to-digital converters. In 
these systems, microWave signals are modulated onto optical 
carriers, transmitted and subsequently received by photode 
tectors to recover the amplitude and phase. The phase of the 
microWave signal is in?uenced by system and environmental 
parameters, such as path length and dispersion. For example, 
external compensation for the factors that in?uence the 
microWave phase is often accomplished via microWave phase 
shifters. When using high frequency (20-100 GHZ) micro 
Waves, microWave phase shifters produce less than ideal 
results. MicroWave phase shifters also fail to continuously 
change the phase of the microWave signal. 

Analog optical systems With a continuously tunable micro 
Wave phase are needed for a Wide variety of applications, 
from photonic analog-to-digital converters to optical micro 
Wave links and phased arrays. In order to achieve a large 
dynamic range, photodetectors With hi gh- saturation currents 
are necessary. In the 1550-nm Wavelength region, Wide-band 
Width, InGaAs photodetectors With high photocurrents are 
made using several designs, among them: dual depletion, 
uni-traveling carrier, and partially depleted absorber (PDA) 
photodetectors. Additionally, integrating photodiodes With 
Waveguides (Waveguide photodetectors) have shoWn 
progress in increasing the photocurrent While maintaining a 
Wide bandWidth. 

In each of the above discussed designs, high optical ?uence 
eventually causes nonlinear behavior in the photodetector 
Which ultimately leads to saturation. The leading nonlinear 
mechanisms include carrier screening of the electric ?eld in 
the depletion region and band ?lling. These mechanisms 
manifest themselves in the photodetector’s response by 
broadening the time response of the resulting electrical Wave 
forms and reducing the photodetector’s responsiveness, 
respectively. To achieve the desired dynamic range over the 
bandWidth of interest, the detected optical signal must be 
large enough to provide the necessary signal-to-noise ratio, 
but must also remain beloW the saturation level. 

Therefore, there is a need in the ?eld to provide an 
improved method and system for dynamically changing the 
phase of the microWave signal. 

SUMMARY OF THE INVENTION 

An object of the present invention can be a system for 
producing saturation of a photodetector. 

Another object of the present invention can be a method for 
producing saturation of a photodetector. 

Yet another object of the present invention can be a method 
for dynamically controlling the phase of a signal. 
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2 
Still yet another object of the present invention can be a 

system for dynamically controlling the phase of a signal. 
An aspect of the present invention can be a method for 

modifying the phase of a signal comprising: providing a 
photodetector and a ?rst signal generator; transmitting a ?rst 
signal from the ?rst signal generator to the photodetector; and 
saturating the photodetector, Wherein saturating the photode 
tector modi?es the phase of the ?rst signal. 

Another aspect of the present invention can be a system for 
modifying the phase of a signal comprising: a ?rst signal 
generator for transmitting a ?rst signal; a photodetector for 
receiving the ?rst signal; and means for saturating the photo 
detector, Wherein saturating the photodetector modi?es the 
phase of the ?rst signal. 

Yet another aspect of the present invention can be a method 
for modifying the phase of an optical signal comprising: 
providing a photodetector; providing a ?rst signal generator 
for generating a ?rst signal; providing a second signal gen 
erator for generating a second signal; transmitting a ?rst 
signal from the ?rst signal generator to a coupler; transmitting 
a second signal to the coupler; combining the ?rst signal and 
the second signal to form a combined signal; and transmitting 
the combined signal to the photodetector, Wherein the com 
bined signal saturates the photodetector and modi?es the 
phase of the ?rst signal. 

These and various other advantages and features of novelty 
that characterize the invention are pointed out With particu 
larity in the claims annexed hereto and forming a part hereof. 
HoWever, for a better understanding of the invention, its 
advantages, and the objects obtained by its use, reference 
should be made to the draWings Which form a further part 
hereof, and to the accompanying descriptive matter, in Which 
there is illustrated and described a preferred embodiment of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a system in accordance With an 
embodiment of the present invention. 

FIG. 2(a) shoWs a graph of the response ofa 12 um pho 
todetector to 0.4 to 32 p] pulses ofa ~20 ps FWHM. 

FIG. 2(b) shoWs a graph of the response ofa 12 um pho 
todetector to 0.4 to 32 p] pulses ofa ~55 ps FWHM. 

FIG. 3 is a graph shoWing photocurrent v. time of a PDA 
photodetector. 

FIG. 4(a) is Fast Fourier transform of 2.1 ps pulsed data 
shoWing the normalized amplitude. 

FIG. 4(b) Fast Fourier transform of 2.1 ps pulsed data 
shoWing the phase response for several incident pulse ener 
gies. 

FIG. 5 is a graph shoWing the change in phase of the 
fundamental and harmonics of the electrical signal from a 
photodetector driven by a ~55-ps, 1 GHZ pulse train as the 
pulse energy drives the photodetector into saturation. 

FIG. 6 is a diagram of a system for the controlling of the 
phase of a signal using tWo signal generators, in accordance 
With an embodiment of the present invention. 

FIG. 7 is a graph shoWing the change in magnitude of the 
photodetector response for second signal control poWers of 0 
to 5 mW. 

FIG. 8 is a graph of the change in phase response of the 
photodetector for second signal control poWers from 0 to 5 
mW. 

FIG. 9 is a How chart shoWing the method for controlling 
phase ofa signal. 
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DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 

The present invention provides a method and system for 
controlling the phase of a signal. The response of saturated 
photodetectors was studied and the results employed in order 
to develop new systems and methods. In particular the effects 
of saturation on the phase of a microwave signal modulated 
on an optical carrier were studied. By observing the time 
domain response it was possible to simultaneously analyZe 
the high-speed performance in amplitude and phase over a 
wide bandwidth. The phase performance during saturation 
was further characterized by using a pulsed signal, such as 
that from a mode-locked laser, and varying the laser pulse’s 
amplitude and width. 

In accordance with an embodiment of the present inven 
tion, the method performed in the experiments is discussed in 
reference to the system shown in FIG. 1. A photodetector 10 
is used that is a 12 um diameter, InO_53GaO_47As, p-i-n photo 
diode. It should be understood that more than one photode 
tector 10 may be used and/or an array of photodetectors may 
be employed. Also, the material, structure, and siZe of pho 
todetector 10 discussed herein is by way of example only and 
for purposes of employing the method and system, one of 
ordinary skill would select and use a photodetector of the siZe, 
material, and structure needed for the particular system in 
which it is being used based on common general knowledge. 
The partially depleted p-i-n structures located on photodetec 
tor 10 have a three-section graded 350-nm p-region of 100 
nm, 100 nm, and 150 nm thicknesses, with 2><10l8 cm_3, 
1><10~cm_3, and 0.5><10l8 cm'3 Be doping, respectively. The 
i-region is 250 nm followed by a 250 nm InP n-region (Si: 
5><10l8 cm_3), followed by a 750-nm thick n+ region (Si: 1019 
cm_3), with an InP p-cap layer. 

Electrical contact to photodetector 10 is accomplished with 
a probe 12, which in this embodiment is a DC to 67-GHZ 
microwave probe, PicoprobeTM 67A-GS-50-DP. Probe 12 is 
connected through a bias-T 14, which in this embodiment is a 
WiltronTM V250 bias-T, to a KeithleyTM 2400 sourcemeter for 
photodetector bias 11 and measurements. The microwave 
output of the bias-T 14 is connected to a signal detector 16, 
which in this embodiment is a TektronixTM SD-32 50 GHZ 
sampling head for high-speed, time-domain measurements. 
The DC current-voltage measurements of the photodetector 
demonstrates a 10 nA dark current at 2V bias and <1 ohm 
series resistance. 

Photodetector 10 is backside illuminated through the InP 
substrate. A signal generator 18 is used, which in this embodi 
ment is a mode-locked ?ber laser. This signal generator 18 
produced 2.1 ps, 1.2 nm transform-limited sech2 pulses at a 
center wavelength of 1546 nm with a 1 GHZ repetition rate. It 
should be understood that the signal generator 18 may pro 
duce electromagnetic radiation of any wavelength and is not 
limited to any one particular wavelength or frequency range. 
It should also be understood that it is possible to use a signal 
generator that can operate as either a pulsed laser and/or a 
continuous wave laser plus microwave signal/data/informa 
tion modulation. The laser modulation could also contain the 
amplitude and/or width modulation for phase control in some 
embodiments. 

In the embodiment shown in FIG. 1, a pulse modi?er 15 
may be operably connected to signal generator 18, or part of 
the construction of signal generator 18, and used to control 
pulse width and/or amplitude. Signal generator 18 produces a 
signal 20, which is a carrier signal that may contain data. As 
discussed above, signal 20 may be commonly referred to as an 
“optical signal”, and in particular, within this application 
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4 
reference is made to microwave signals modulated onto this 
optical signal. However, it is intended and implied in discuss 
ing the signal 20 that it is not limited to any particular wave 
length or frequency. Usage ofthe terminology “signal,” “opti 
cal signal,” or “optical” in the present application is intended 
to cover any signal formed with electromagnetic radiation 
and is not limited to any particular wavelength or frequency. 
It should also be understood that signal generator 18 may be 
a pulsed laser or a modulated continuous wave laser and/or a 
combination of the two. It should also be understood that 
photodetector 10 is intended to represent a detector at any 
electromagnetic frequency. 

Using this system, tests were performed with direct laser 
output from signal generator 18 in transmitting a signal 20, as 
well as sending signal 20 through the pulse modi?er 15, in 
this case two lengths of high-dispersion (HD) ?ber, enabling 
2.1 ps, ~20 ps, and ~55 ps pulses (3.2 ps, 30 ps, and 85 ps 
autocorrelation pulses). It should be understood that signal 
generator 18 may transmit the signal 20 to photodetector 10 
via any operable means, such as ?ber optic cable, through 
atmosphere, etc. The pulse trains of signal 20 can be ampli?ed 
by an optical ampli?er 24 and then focused onto the 12 um 
photodetector 10. A pulse modi?er 15 may also be used in 
order to vary all pulse parameters of signal 20. Optical ampli 
?er 24 assists in the transmission of signal 20, but is an 
optional feature of the system. In the example, the average 
optical power was varied from 0.4 to 32.0 mW which pro 
vided 0.4 to 32.0 p] optical pulses. Testing with a Continuous 
Wave (cw) source with the same average power was per 
formed for comparison. 
Now referring to FIG. 2a, a graph of the response of the 12 

um photodetector 10 shown in FIG. 1 is shown, with a 2-V 
reverse bias, excited by optical pulses ranging from 0.4 to 32 
p]. As optical excitation of photodetector 10 increases, FIG. 
2a illustrates two effects: 1), the electrical pulse increases in 
height, and 2), the pulse’s width and fall-time both increase. 

Photodetector 10 saturates when excited with optical 
pulses ranging from 1 to 5 p]. As photodetector 10 begins to 
saturate, the amplitude of the pulse peak reaches a limiting 
value of ~2.5 V, and the pulse broadens. At high intensity the 
falling edge of the pulse is composed of two functions: a fast 
decay (<100 ps), and a slow decay (>100 ps). By driving 
photodetector 10 into saturation, the electrical pulse’s cen 
troid moves later in time. 
When normalizing the data shown in FIG. 2a, as is done in 

FIG. 2b, the rising edge of the pulse moves to an earlier time 
than in the unsaturated case. To this effect on the pulse timing, 
the much larger delay due to pulse broadening and pulse 
decay processes are added, which pushes the pulse’s centroid 
to a later time. Photodetector 10 has a bandwidth that is 
limited by the capacitance of the diode. For the 12 um pho 
todetector 10, the capacitance is 42 fF resulting in a 3 dB 
bandwidth of 45 GHZ. The response of photodetector 10 is 
therefore the limiting factor of the high-speed, time-domain 
measurements. The impulse response of the system is 
obtained by exciting the photodetector 10 with a 0.4 p], 2.1 ps 
optical pulse, producing a 9.5 ps rise time and 13.6 ps full 
width at half maximum (FWHM). Excitation with 0.4 p] and 
~20 ps pulses produce an 18 ps rise and fall time along with a 
21.5 ps FWHM, while the ~55 ps pulses show a 54-ps rise 
time, 120-ps fall time, and a 54 ps FWHM. A comparison of 
the 2.1-ps optical pulse excitation with that of both the 20 ps 
and 55 ps pulses demonstrates that the measurement system is 
limited in the former case but not for the latter (20 ps and 55 
ps) pulses. 

To quantify the behavior of the observed photodetector 10, 
a one-dimensional (1D) time-domain drift-diffusion model 
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and Poisson’s equation is solved numerically in a self-con 
sistent manner. The small siZe of photodetector 10 effectively 
removes lateral-transport effects. The lattice temperature in 
the InGaAs region is calculated using a 3D radially symmet 
ric solution of the heat diffusion equation. Spatial variation in 
the ?tted velocity-?eld relations is incorporated into the 
model, along With the reduction of the absorption by band 
?lling at high pump intensities. The variation of the applied 
bias With the current ?oW through the device (using a series 
resistance of 29) is also included. The results are shoWn for 
several pulse energies (assuming 20-ps pulses) in FIG. 3. 
The graph shoWn in FIG. 3 reproduces the effect of pulse 

broadening and saturation. Modeling reveals that the pulse 
broadening occurs mostly as a result of the dramatic ?eld 
screening in the intrinsic region of photodetector 10 due to the 
spatial separation of the photogenerated electrons and holes. 
The saturation of the photocurrent is a combined effect of the 
?eld screening, carrier velocity reduction due to heating, the 
reduced absorption, and a loWer bias over the active region 
due to the non-Zero series resistance. The second decay time 
at the highest pulse energies is primarily due to the sloW 
diffusion from the doped regions. 

In order to examine the frequency dependence of pulse 
saturation, a fast Fourier transform is applied to the time 
domain data. A comparison of optical ?uence data for 2.1-ps 
excitation is shoWn in FIG. 4a. Since the detected signal is an 
electrical pulse train, the Fourier transform is a series of 
harmonics at the repetition frequency of the pulses. As pho 
todetector 10 is saturated, the spectral content of the pulse 
shifts toWards the fundamental frequency, as can be seen in 
FIG. 4a. This shift causes an increase in the poWer of the 
fundamental frequency at the expense of a loss of poWer at 
higher frequencies. 

The changing phase of the pulse train is shoWn in FIG. 4b. 
All frequency modes are observed to experience a monotonic 
change in phase as optical poWer is increased. The magnitude 
of this change is smallest for the fundamental frequency and 
increases With increasing harmonic frequency. When the 
input energy is increased from 0.4 to 32 p], the change in 
phase of the fundamental frequency and second harmonic is 
0.45 and 0.82 radians, respectively. Similar phase changes are 
re?ected for the 20 ps and 55 ps optical pulses. For longer 
pulses the effect is similar to that for short pulses. 

In order to examine the electrical phase change as a func 
tion of applied optical energy, the pulse energy versus phase 
change is plotted in FIG. 5 for the fundamental frequency and 
for several harmonics. The phase change is linear up to ~16 p] 
pulse energies. Even though the data for 32 p] is not shoWn in 
FIG. 5, the incremental phase change is reduced and begins to 
deviate from the linear prediction. 

The linear curve ?t in FIG. 5 shoWs the phase/pulse-energy 
slopes for each harmonic. The harmonic frequencies have a 
slope that is almost exactly their harmonic number times the 
slope of the fundamental. The increase in slope of the har 
monics is to be expected since this effect produces a time 
shifting of the pulse centroid. Therefore the same time shift at 
a higher frequency produces a proportionally larger phase 
shift. 

The phase change at the signal detector 16 due to saturation 
of photodetector 10 permits phase control Within a photonic 
system and is the result of the modi?cation of the optical 
poWer on photodetector 10. The amplitude/Width to phase 
conversion is produced by the Waveform from signal genera 
tor 18 or produced by pulse modi?er 15 operably connected to 
signal generator 18 in order to remotely modify the detected 
phase. 
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Another Way of saturating photodetector 10 is via modu 

lation of the bias voltage of photodetector 10. The saturation 
is accomplished by photodetector bias 11. This can permit 
photodetector 10 to operate as both a mixer and detector. 

Saturation of photodetector 10 can also produce an 
unWanted effect since amplitude noise can be converted into 
phase noise if the saturation effects are signi?cant. Phase 
noise and timing jitter of signals should be kept small in order 
to maintain accuracy and dynamic range in photonic systems. 
For example, an optical pulse train incident on a photodetec 
tor that is just beginning to saturate having a 1% change in the 
optical amplitude changes the phase of the fundamental by 
0.66 mrad, When using the linear relationship from FIG. 5. 
This produces a 0.01% retardation in timing at 1 GHZ or a 100 
fs jitter in time. If the 10th harmonic Were used, or similarly 
if a 10 GHZ pulse train of these pulses Were used, a ten-fold 
increase in phase of the fundamental frequency Would occur 
causing a 6.6 mrad phase shift, resulting from that 100-fs 
?uctuation in time. Timing jitter of 100 fs for a 10 GHZ 
oscillator is more than 10 times greater than has been dem 
onstrated With mode-locked lasers and can severely limit its 
applications in photonic systems such as analog-to-digital 
converters, optical metrology, and microWave generation. 

Another method and system, in accordance With an 
embodiment of the present invention, for dynamically chang 
ing the phase of signal 20 in photodetector 10 is via the 
addition of a second signal generator 19, such as a laser, into 
the system. A second signal generator 19 operates, using a 
second signal 21, to control the saturation level of photode 
tector 10, and thereby modifying the detected phase of signal 
20. 
As discussed above, the phase performance ofphotodetec 

tor 10 during saturation can be characterized using a pulsed 
signal generator 18 and varying the pulse’s amplitude. 
Increasing the optical pulse energy causes saturation and 
shifts the resulting pulse’s centroid later in time. This has the 
effect of retarding the detected phase, producing an amplitude 
modulation to phase modulation converter. This effect can be 
employed in order to control the phase of signal 20, such as a 
microWave signal in an analog photonic link. 

FIG. 6 is a diagram illustrating an embodiment of the 
present invention utiliZing tWo signal generators, 18, 19. It 
should be understood that more than tWo signal generators 
can be employed so long as the resultant combined signal 
saturates photodetector 10 as desired for altering the micro 
Wave phase. It should also be understood that use of more than 
one signal generator is for ease of explanation. Second signal 
generator 19 is unnecessary since a single pulse modi?er 15 
could modulate the signal 20 so that it acts as both the carrier 
signal and the phase control signal, providing a simple retro?t 
into current photonic systems. 

In the example discussed herein and in reference to FIG. 6, 
signal generators, 18, 19 are tWo AlcatelTM A1905 laser 
diodes. First signal generator 18 is used as the optical carrier 
of the microWave signal and second signal generator 19 is 
used to optically bias photodetector 10. The signal path is 
comprised of ?rst signal 20, Which is a 1552-nm optical 
carrier signal that is sent through a pulse modi?er 15 and/or 
can be sent through an electro-optic intensity modulator 
(EOM), Which can be a JDSTM electro-optic intensity modu 
lator, and can be driven at +5 dBm by an analyZer, Which can 
be an AgilentTM 8720 netWork analyZer. 

First signal 20 is coupled in a 50/50 coupler 34 With second 
signal 21 transmitted from second signal generator 19. A 
second pulse modi?er (not shoWn) could be placed after the 
second signal generator 19 in order to modify the second 
signal 21. Although a coupler 34 is shoWn in FIG. 6, one of 
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ordinary skill in the art Would be familiar With different Ways 
of combining ?rst signal 20 and second signal 21. Second 
signal 21 can be comprised ofa 1557 nm source sent through 
a polarization controller 36 and bandpass ?lter 38, Which in 
this embodiment may be a 2 nm tunable bandpass ?lter. 
Bandpass ?lter 38 and polariZation controller 36 are optional 
in the operation of the system, but they reduce the possibility 
of interference betWeen ?rst and second signals 20, 21. 

First signal 20 and second signal 21 are coupled to form a 
combined signal 22 that excites photodetector 10, Which in 
this embodiment can be a FermionicsTM SMA-OC photode 
tector. Photodetector 10 may be voltage biased and have 
operably connected to it a bias-T 14. In the embodiment 
shoWn in FIG. 6, bias-T 14 is a Picosecond Pulse Labora 
toryTM bias-T, and connects to a photodetector bias 11, Which 
is a KeithleyTM 2400 source/meter, and a microWave signal 
detector 16. A microWave signal from the photodetector 10 
passes through the port of bias-T 14 and is terminated by a 
microWave signal detector 16. 
NoW turning to FIGS. 7 and 8, the results obtained by using 

the system shoWn in FIG. 6 are discussed beloW in the 
example. The poWer at photodetector 10 of ?rst signal 20 Was 
set to an average poWer of 1.0 mW. The poWer of second 
signal 21 Was varied betWeen 0 and 5 mW, as measured at the 
photodetector 10. FIGS. 7 and 8 shoW the magnitude and 
phase response of the photonic link from 0.5 to 20 GHZ With 
the photodetector biased at —6 Volts. The traces Were normal 
iZed to the response of photodetector 10 in the absence of a 
second signal generator 19. For all optical poWer levels the 
DC responsivity of the photodiode Was 1.09 A/W. 

In FIG. 7, the magnitude of the response of photodetector 
10 from 1 to 10 GHZ stays constant to Within 1 dB as second 
signal 21 is increased from 0 to 3 mW. At 4 and 5 mW of 
control poWer from the second signal 21, the response Was 
degraded by ~2 dB. From 10 to 20 GHZ, hoWever, a more 
interesting phenomenon is observed. Here the magnitude is 
enhanced by up to 6 dB as the poWer of second signal 21 is 
increased. 

The graph shoWn in FIG. 8 illustrates the phase of ?rst 
signal 20 having a continuous increase as the poWer of second 
signal 21 varies from 0 to 5 mW. The amount of phase shift 
induced by second signal 21 increases With increasing fre 
quency. At 5 GHZ and 10 GHZ there is a 13 and 34 degree 
maximum shift (respectively), While at 20 GHZ the maximum 
phase shift is 59 degrees. 

The phase shift is due to saturation of photodetector 10, as 
discussed above in discussing the use of pulsed lasers. This 
effect can extend to much higher frequencies. In the pulsed 
measurement, saturation caused a shift in the pulse centroid, 
thereby changing the phase of ?rst signal 20. This effect is 
therefore a time shift, and as such, it Will cause a larger phase 
change at higher frequencies. This qualitatively explains the 
phase results shoWn in FIG. 8. 

The example demonstrates the ability to continuously 
change the phase of signal 20 in a photonic link by varying the 
poWer on photodetector 10. The implementation of this 
requires a minimal amount of extra components. 
NoW turning to FIG. 9, a How chart is provided shoWing an 

overvieW of the basic method steps employed in providing 
control of the phase of a signal 20. In step 102, a photodetec 
tor 10 is provided, as discussed in detail above. At step 104 a 
?rst signal generator 18 is provided that produces ?rst signal 
20, as discussed in more detail above. At step 106, ?rst signal 
20 from ?rst signal generator 18 is transmitted to photode 
tector 10. At step 108, photodetector 10 is saturated. Satura 
tion of photodetector 10 can be accomplished by any of the 
various saturation means discussed above, such as varying the 
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signal amplitude and/or Width, varying the photodetector 
bias, providing additional signal generators, and/ or modulat 
ing the signal to produce both a carrier and control signal. At 
step 110 saturation of photodetector 10 is used to modify the 
phase of signal 20. 
The effects produced by the method and system, discussed 

in detail above, are stronger at higher frequencies. This 
method can make a loW-loss contribution to dynamic phase 
modi?cation. Applications are in areas such as phased arrays. 
The method may be employed to provide dynamic steering 
changes that can be performed rapidly and remotely With 
electro-optic modulators. The method and system can be 
employed in systems for compact, and robust design for 
operation up to high-frequencies (>100 GHZ). 
Some advantages of the neW system and method are that it 

enables operation at higher speeds than commercial micro 
Wave phase shifters. Another advantage is that it alloWs con 
tinuous tuning of the phase (rather than the discrete phase 
steps used in conventional microWave phase shifters). There 
is reduced loss in the signal since no additional microWave 
elements are needed and current microWave phase controlling 
devices can be eliminated. This provides improvements in 
SNR and photonic link distance. 

It is to be understood, hoWever, that even though numerous 
characteristics and advantages of the present invention have 
been set forth in the foregoing description, together With 
details of the structure and function of the invention, the 
disclosure is illustrative only, and changes may be made in 
detail, especially in matters of shape, siZe and arrangement of 
parts Within the principles of the invention to the full extent 
indicated by the broad general meaning of the terms in Which 
the appended claims are expressed. 
What is claimed is: 
1. A method for modifying phase of a signal comprising: 
providing a photodetector and a ?rst signal generator; 
transmitting a ?rst signal from the ?rst signal generator to 

the photodetector; and 
saturating the photodetector, Wherein saturating the photo 

detector modi?es the phase of the ?rst signal. 
2. The method of claim 1, Wherein the saturating step 

comprises providing a second signal generator, Wherein the 
second signal generator transmits a second signal to the pho 
todetector. 

3. The method of claim 2, Wherein the saturating step 
further comprises coupling the ?rst signal and the second 
signal to form a combined signal. 

4. The method of claim 3, Wherein the combined signal is 
transmitted to the photodetector. 

5. The method of claim 1, Wherein the saturating step 
comprises varying pulse Width or amplitude of the ?rst signal. 

6. The method of claim 5, Wherein varying the pulse Width 
or amplitude of the ?rst signal is performed using a pulse 
modi?er. 

7. The method of claim 1, Wherein the saturating step 
comprises changing electrical bias of the photodetector. 

8. The method of claim 1, Wherein the saturating step 
comprises modulating the ?rst signal at the ?rst signal gen 
erator. 

9. The method of claim 1, Wherein the modi?cation of the 
phase of the ?rst signal is dynamic and continuous. 

10. The method of claim 1, Wherein the ?rst signal is a 
microWave signal phase modulated on an optical carrier. 

11. The method of claim 1, Wherein said ?rst signal is a 
microWave signal phase modulated on an optical carrier, and 
Wherein signal generator includes a mode locked laser gen 
erating an optical carrier signal and a pulse modi?er adapted 
to impress the microWave signal onto the optical carrier. 



US 7,755,828 B2 
9 

12. A system for modifying phase of a signal comprising: 
a ?rst signal generator for transmitting a ?rst signal; 
a photodetector for receiving the ?rst signal; and 
means for saturating the photodetector, Wherein saturating 

the photodetector modi?es the phase of the ?rst signal. 
13. The system of claim 12, Wherein the saturation means 

comprises a second laser Wherein the second laser transmits a 
second optical signal for saturating the photodetector. 

14. The system of claim 13, Wherein the saturation means 
further comprises a coupler for coupling the ?rst signal and 
the second signal to form a combined signal. 

15. The system of claim 14, Wherein the combined signal is 
transmitted to the photodetector. 

16. The system of claim 12, Wherein the saturation means 
comprises a pulse modi?er for varying pulse amplitude or 
Width of the ?rst signal. 

17. The system of claim 12, Wherein the saturation means 
comprises a bias for changing electrical bias of the photode 
tector. 

18. The system of claim 12, Wherein the saturation means 
comprises a modulating means for modulating the ?rst signal 
at the ?rst signal generator. 

19. A method for modifying phase of a signal comprising: 
transmitting a ?rst optical signal generated by a ?rst signal 

generator to a coupler; 
transmitting a second optical signal generated by a second 

signal generator to the coupler; 

10 
combining the ?rst signal and the second signal to form a 

combined optical signal; and 
transmitting the combined signal to a photodetector, 

Wherein the combined signal saturates the photodetector 
5 and modi?es the phase of an output electrical signal 

from the photodetector With respect to of the ?rst signal. 
20. The method of claim 19, Wherein the modi?cation of 

the ?rst signal is dynamic and continuous. 
21. A method for modifying the phase of a signal compris 

10 ing: 
providing a photodetector and a ?rst optical signal genera 

tor; 
transmitting a ?rst optical signal from the ?rst optical sig 

nal generator to the photodetector With photons of said 
?rst optical signal incident on said photodetector; 

said photodetector operating in saturation; and 
said photodetector producing an output electrical signal 

having a modi?ed phase With respect to the phase of the 
?rst optical signal. 

22. The method of claim 21, Wherein the ?rst optical signal 
is a microWave signal phase modulated on an optical carrier. 

23. The method of claim 21, further comprising: 
providing a second optical signal generator; 
transmitting a second optical signal from the second signal 

generator; Wherein said photons in said ?rst optical sig 
nal and said second optical signal saturate the photode 
tector. 
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